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Abstract

Based on the panel data of six provinces and one municipality in East China from 2010 to 2022, this
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study measures the regional green logistics efficiency under the constraints of energy consumption and
carbon emissions. The super-efficiency SBM model is used to evaluate the static efficiency level and its
spatio-temporal differentiation characteristics, while the ML index is employed to decompose the
changes in total factor productivity and explore the internal driving forces of efficiency dynamic evolu-
tion. The results show that the static efficiency presents a significant gradient differentiation. Shanghai
has been in an absolute leading position for a long time, Jiangsu and Anhui form the second tier, and
Fujian, Zhejiang, Shandong, and Jiangxi have relatively lower efficiency, with different driving modes.
The dynamic evolution shows three-stage characteristics: the fluctuation adjustment period from 2010
to 2015, the technology dividend period from 2016 to 2019, and the resilience reconstruction period
from 2020 to 2022. Technological progress (TC) is the core driving force for the growth of green logis-
tics efficiency in East China, generally contributing more than technical efficiency (EC). Although the
technological efficiency significantly declined under the impact of the epidemic, technological progress
increased against the trend, becoming a key resilient factor supporting the rapid recovery of efficiency.
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TEAER SRR 5 TR R A A B R 5T, HESAT W gt (7 B O R SE 22 0% v ol
KIES “Xhx” BAREERG, LRIXENREZF RGPl s e Xide —, HYme
A ES T 40%, BLRAUF K EE G, W2 ReIREFE SR RIS, SR, {EAESAIR
A EFIIART, SRR SHEROE H &R, REAEEIETTL . R aniis R,

YT, SR EYRBCEE RPN RSN AT\ AT RRAE R FE I OCERIR Y . SRS DA I I O 2R A 28R
.45 73 W (DEA) S JT VAR PR AR BAT I, (B2 BAFAE KRR — R ARBEA ROES B 15 458
AEHAEE =, MEDABLSL RO “4R e IR RAEGAE LLIX 7 R TR T AR T, BRI
X R R, RSB 7 b RS HEE: .

AT EIRA R, ARG AERE SBM #5 Malmquist-Luenberger (ML)F5 £0M) & 25 VA HE
B, R SBM BRI IS FA st AL B FE S AR R ML, 7R R REVRR N S ISR 57 B[R, SR
RS BTCIIE— 2 X 4 T ML $8 800 A BhESHA  RER R AR ) SHERATR S, #RaaiR
BRI ANTES) ). 485G, W] AT Z) A 2R Hh X Sk DR B 5 S K 5 3 28T 2R AE

ARPRRELRENE (R o5, Wl 2/, M. 1. 1h7R), 25T 2010~2022 4R %L
P, SEUEZM AT IX Sk AR AR I I 23 03 e T AT S R 2K . B9 B FE R 7 BUR 1l 7€ 22 5 Ak
AR AU BRI B P E R KR, o E S R R B iR A X s B T

2. XHRGRIA

SENTRZ DA KL, B oW FR SR ITE AT I AT
4 Z1f, Markovits-Somogyi (2014)3iZ T ) DEA-PC (5 % EL450) J5 323061 29 /SRR FE 5% B0 30
HEAT T K%y, JF 5 U DEA Jik 45 BHET T HAR[1]. MIHEZE (2021) 522 LA 30 A5 4 R4S
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P, Sof o E DAL 8 BRI A SR EAT BT [2] 0 BEAEHE(2024) DLER ] 30 B3 (TfT . FA DOME A AN R,

FIH =B DEA BERL Ml B4 Wi 2R 3], X/ 24(2023) 282 % [ 30 METHIX 2003~2018
DR S B R JRALER . SR A B ER A 7 2R K Loy f A DU AT DU B2 2y A (4] AR 61 (2022) 55 27 5 )
2012~2018 41 [E] 30 /M8 X 7 FRISE D IRt R A T FEE , K0 P 435 SR TR £ 5 1 LU AT (fsQCA) [5]6

DXIZ T, AT 55T (202 1) 55 A 2 A 90 3 1) = K9 DXk vl B 1 6 E DIt 5 B s e [R 2, R gl 0
H SRR RCR BN bR, @i Malmquist FEECRIEBRCE SBM B> M G AR 1 B 3l
%, FERIH Tobit #AU0 FRZMA R B BEAT BRI 0T [6] B PH(2022) 5 /¥ 48 SIS LA X SR Wi N
PRI BE R SR b, IS SFA T4 BEBENLGE S T4, IS AR AT RN 5 A (7] SRR
(2024) R 5E 8% “ R H bR AT SO 9 48 X AE 2 FERHE AT 5 DI AR, R0 i 7 % b
IYHT[8]0 HRAEEL(2023) 54 LL 2005~2019 SEAERMIX “/NE—T 7 FIITRMLAE RIS 5, 18 AR
SBM-DEA BRI N 7= AR R, W B 4R 60 R B A R AA, FIF 42 J7 2t Malmquist $5 500 2%
OB RA T RIAT R, WS EYRANASZA T FEHGH 78 T A 2 2% R TR SR 125 7] 53
Hil, HE— SR X SR R FE I 2 A1 A4k 9]

B R HRE, *5(2024)% 241z ] DEA AR Malmquist 5 550875 25 1) i A5 A 5h 28 P A4
SAHT T 2012~2021 EILPEA 11 AR X ATHPH SRR AR [10]. XK BN (2022) A= BB FE 0 S,
TR HLIX T TR EE, KA DEA-CCR #%4F1 DEA-BCC #i%Y, H P rgHh X LA IS &+
ARBCRFFRERE, WX LT = B IIRACR K117, 22 TLE(2021)55 535 1 HL 2001~2019 S [A]
FPHIEE, R DEA X RAVITNAEAE FEIR BT IR L W SR N 528 [E PR B IR L A% A4 N B b
FORBRAATIE, Iz PR I8 TV ER 78 T R RIHIR R 5T R AV S BRI 2 M 137
KAR[12]e FKAKMEQO22)M T 1T I MRAE, KM 2010~2019 F)RAHCHHE, @ik DEAHE
L W) T AT VIR ER A A% . FARBCER AR o, DU E) Pa b X s i K e[ 13]. kS
F#(2024) i1 1 57 LA IB I fi A G S SBOL L G SEiEii s . SR A B BRI NERR, DA
P B Pis e . SIS AN i A SO IE D = AR AR DR BN ARk &R, 12 DEA S840
FEZZBAR 2021 4 16 M TRV ERE R DR AEH AR SR AR AR R [ 14] .
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3.1.2. ML & ¥iER
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3.2. iGtFHIE

AR SCEIAENFERR A= AR PR RIE T 2010~2022 4F (1 (R ESHES) (R EREFESTHE %)
A GRS B A X M) SR SR TR A . (I 1)

Table 1. Green logistics efficiency input-output indicators

® 1. REYIRMERN LB
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Table 2. Coefficient of conversion from 6 main energy sources to standard coal in the logistics industry and conversion coef-
ficient of CO2 emissions

F 2. Rk 6 FEERERITIRERZRLINE CO HIMAR

JEH Rl il Eil] AR RIRA
W R B (kg brAER/Kkg) 0.7143 1.4714 1.4714 1.4571 1.4286 1.215
CO2: HF A% (kgCO/kg) 1.9003 2.9251 3.0179 3.0959 3.1705 2.1622
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ARSCEET AR AR SBM AL, FIF SBMRUN A% R X I (A Wi R R RCR BEAT IS, 19
B2 PRI AR 61 AR SBM B T (AR o JFXIS 5 45 AT Bl 7047, 220 H 2K
A 1 PR, JESCIE Tt DU A 22 26 A DN S 2 0 i A F R AL

Figure 1. Trend of green logistics development efficiency in East China
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Figure 2. Trend of logistics efficiency changes in each province of East China

2. ERBXEEBIRERL UGS

Table 3. Development efficiency of green logistics in each province of East China

F 3. ERMXZENRBYIRLRYE
Fr 7R AN ke 7 WL L5 Lifg R X ME

2010 0.681 0.422 1.001 1.477 0.755 1.087 2.502 1.132
2011 0.674 0.420 0.584 1.385 0.728 1.108 2.437 1.048
2012 0.626 0.619 0.621 1.227 0.725 1.132 2.394 1.049
2013 0.578 0.540 0.590 1272 0.760 1.108 2.354 1.029
2014 0.611 0.523 0.609 1.292 0.766 1.094 2.392 1.041
2015 1.003 0.586 0.748 1.255 1.009 1.059 2.456 1.159
2016 1.011 0.613 0.817 1.266 1.022 1.051 2.464 1.178
2017 1.037 1.052 0.802 1.251 1.003 1.034 2.498 1.240
2018 1.027 1.009 0.712 1.207 1.009 1.033 2.536 1.219
2019 1.035 1.015 0.759 1.140 1.046 1.042 2.531 1.224
2020 1.283 0.441 0.746 1.076 0.636 1.070 2.515 1.109
2021 1.088 1.015 1.006 1.067 0.699 1.054 2.540 1.210
2022 1.082 1.062 1.018 1.067 0.658 1.018 2.535 1.206
YA 0.903 0.717 0.770 1.229 0.832 1.069 2.473 1.142
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M ERFEH, EilgErPmBccaiE g oy, AT E. £amEEE N REEmERR
JAER . YLIMEVIR R TR E, T FKF. BYRARGRERE ST 1, B&RRNTTY
TEE e LR T R FAKCE, (HACE R — e s, R RIARIR H, IR A
T/MERITE . WL PR RCR AT 5w N KT, REUE BRI sl . 48 2 IR R AT A 25
TR, REBERIAG, (HEFERAPEE. JTHZEH 2021 )5, MEMIRBERE T 1, 85
HAZE TEDIR UBE DI 77 o (W ARTET AF R W38 008 T s, AR &K . ILARM
B R HYIRAR KRB DE N T AP RINTRR,  JEIE I 52 sk B X S e 5 A e i Bkl . YLPE 1)
STy €Y1 E DS 8 < 2 NI WA il < L i N

M EBRATAT LAE BB AR AR S, RIERIE SRS H. B 2010 SR EEESS,
TE 2013 FEE ] 1 AR P BERR, HAE 2022 FAAELE 2.53 Ko FZAET I LAy i BTt
ST AR . TLIR N AR BUARAT RS IR IAAR E, Rl BUN . FUR BRE T 518 i & b AT R
SCHEE T TR, FIRETLAOHS DR, angs AR i, s R 2 Ok, DR T YR
Ko R CR ROE TS, M 2010 FIEMH 1.447 3] 2022 FRITEE 1.07. X—ABLHE
BRITE T R UREE T K= AMIX i R, ok TRIABCRMERT . A kid ik, Z#ckigR
ERTHE LR ), RORIBETRITE . W LIRS R, 2010 4228 0.75, % 2019 FiAFE(H 1.05,
SRJGTE 2020 52 NG LM PRI 2 0.64. WL REA RIS e, #E5) 1 2015 45 MR8CRRT
H 2020 4t T A2 B G s, HBUXABS BRI E55, S 80T R0 RIE N - 48 A J5 TS 1 R,
A AP T B T 18, BRI . SR, 2015 AREE,  “iB4” OO XIERIRA TA N
YIRS, R RRCRIZ L AT IHRTE 2014 ST ACR —HIRE, {HE 2015 FRREHLT 2
EHRTE, FCEBRIE A 1.00 FF4ERFTE AL ILARIIX B0 “HIM + YR BOR IS 2 I,
T T EERACR . TLVEIPIR SR WA T 58l e SRR KIMKRKE, 2017 FREE 1.05, FHMR
FFTE 1.0 KA. TLVG RS BN TS 5, HBES 2017 SFBR mek i JriE, 18 T M, JFmA
TR X LR .

4.2. LR YBHRZN S

fEiz AR AR SBM AL PPAG HE AR X SR i i A RCR IO A B, IR N B BORAR B0t
AR R I TTRR I R R BB B B SRR AL, A0 — 2 R M 48 2 LEI) Malmquist-Luenberger 4§
B DI AR AT A WA 0 S VIR A R R HEAT 1 & 7 B (& 3).
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Figure 3. Trend of total factor productivity changes in East China

3. MR EERE mRT UGS

DOI: 10.12677/sd.2025.158219 42 CIERE59/°4 2


https://doi.org/10.12677/sd.2025.158219

R, XA

M 2010 4E % 2022 4F, SBEFRAFFREMHEEN “U HBEHR” &%, HARSEOH#EN2ERE
FERK A0 5 8 . BARKRE, 2010 £ 2015 4E, TFP RIS TR, BEM 1.07 BEE 0.97,
W27 T P9 aEiR, X 2010 4EHBL T IEGK. SR1M, H 2016 Fig, SERAFRKIINT —AFFEE L
THIBTBE, BB 1.05 FE KA 1.17. 2017 4E, TFPiEH] T XM BRI, Som BB 8K
Hezh ). X—HH, BARXCORE SN EES) ), BEAREARGF A G D, MaRmsAN
RGP TR i . HEN 2020 4F, BAREEEN, HEERAF BRI S R # ), Bl
M 1.01 FIFFE 1.26, RILTHEABDHESEH. EREEH, Jrariligeg, HRemERErmR
TEFLHIP SEIL T 5 3A I, HR D BONHEZN & 5F I 1 B &

N T DR X A B R A PR AR, & 4 FIH TR R XS I RO R
FKIKH(EC) FARBELIKT(TC). EEERAF*HML).

Table 4. Technical efficiency levels, technological progress levels, and changes in total factor productivity for each province

4. BEOBRARYRKE RARELKF. 2ERETLENE

Bt Wl 2010~2011 2011~2012 2012~2013 2013~2014 2014~2015 2015~2016

ML 1.280 0.869 0.722 1.092 1.009 1.149
178 TC 1.293 0.935 0.783 1.034 0.615 1.140
EC 0.990 0.929 0.923 1.057 1.641 1.008
ML 1.070 1.279 0.863 0.696 0.942 1.022
VL7 TC 1.075 0.868 0.989 0.719 0.840 0.978
EC 0.995 1.474 0.873 0.968 1.122 1.045
ML 0.861 0.998 0.924 1.078 1.054 1.109
R TC 1.476 0.938 0.972 1.045 0.858 1.015
EC 0.584 1.064 0.950 1.032 1.227 1.093
ML 0.999 0.822 1.014 1.000 0.927 1.002
T TC 1.066 0.928 0.978 0.984 0.954 0.993
EC 0.938 0.886 1.037 1.016 0.971 1.009
ML 1.100 0.957 0.982 1.029 1.083 1.078
WL TC 1.142 0.960 0.936 1.022 0.822 1.064
EC 0.964 0.996 1.049 1.007 1.318 1.013
ML 1.221 1.018 0.945 0.979 0.848 1.002
TH TC 1.198 0.997 0.966 0.991 0.876 1.009
EC 1.019 1.022 0.979 0.987 0.968 0.993
ML 1.017 0.946 0.927 1.202 0.951 0.988
kifg TC 1.044 0.963 0.942 1.183 0.927 0.984
EC 0.974 0.982 0.983 1.016 1.026 1.003
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B YImAR 2016~2017 2017~2018 2018~2019 2019~2020 2020~2021 2021~2022

ML 1.170 1.101 1.076 1.275 0.861 1.087
% TC 1.140 1.111 1.068 1.028 1.015 1.093
EC 1.026 0.990 1.008 1.240 0.848 0.995
ML 1.749 0.993 1.001 0.669 1.776 1.111
AN TC 1.019 1.035 0.995 1.541 1.484 1.188
EC 1.717 0.959 1.006 0.434 1.197 0.935
ML 1.161 1.170 1.257 1.158 1.558 1.211
Tag TC 1.182 1319 1.178 1.178 1.156 1.196
EC 0.982 0.887 1.067 0.983 1.348 1.012
ML 1.001 1.069 0.969 0.975 1.145 1.027
TR TC 1.013 1.108 1.025 1.033 1.154 1.027
EC 0.988 0.965 0.945 0.944 0.992 1.000
ML 1.081 1.177 1.129 0.849 1.393 1.105
WL TC 1.103 1.169 1.088 1.397 1.267 1.173
EC 0.981 1.006 1.037 0.607 1.099 0.942
ML 1.006 1.092 1.054 1.185 1.297 0.978
T TC 1.023 1.093 1.045 1.155 1.316 1.013
EC 0.984 0.999 1.009 1.026 0.986 0.965
ML 1.145 1.156 1.037 1.073 1.032 1.044
g TC 1.130 1.138 1.039 1.080 1.021 1.046
EC 1.014 1.015 0.998 0.994 1.010 0.998

YR FRFAEATT VR H, @A NEERE R L2 MHEELNMETHIR S —, FESAH
TR E AL, FealfRfE 2017 2 2018 45, FARSPREIE S, #zh 7 ML Fg K. 20, RE ML
AFRREE T, (B HEARBCR K AT I MK, JEEAE 2010~2011 SEHIIBE R, RigHHaERE
FERFDRE, ML BEIEVN, 13 EFK) 10 45 ML L 1, BR TImARPUSEE 1. TR ENEER
AR IARE, ML 3ME N 1.05, ERMRERK D EMEREF. SR, 2014 2 2015 4F i THoRED 26
TR, ML SRR . WA AT R A R ENROR, BRI, BRI R, ML 2kiE
ILF] 32%. LR S R SIS, SR RARBNAINE S, (HEFARE VRN T HA R
SO, YLPHAE B R A R sk, 2019 & 2020 SERARBCER KGN, ML 85U 4. U4 ML
SO FE R KT o X 2 ARG K VT R SR B TS P . R I e R A P R
KRk, ML ¥ENCH 0.99, 322 SITE T HARBCRIGRRLSE N i .

5. ZieE5RE

LT X 2R i I S R R DU AE WL R BRI AL, EIRAL T XA Oy, LR B
THABAE Gy o TLITFA B REE —HERN, AR WL, ARFILVE S5 B BRI T X . &
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K, HARBED SONRERI K N T ZIRKE) T, XN EOARE D B0 e T B, S0 B AR BOR
MR il L

BT IR R, BRI R AR T AN B BRI . AL B BOR AL A5 A DX I R 45
L E R S YT A, SRTHA BRI R WIS RCE L s B AR AL, R R
MR RN, @URCESLE SR TG, AR EELL . T B AR E XA RN 2 2% 5
BRIZ T mORIRTH IR BE K L RE T o
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